Background/Objectives: We hypothesized that maternal size during pregnancy and birth size are determinants of childhood physical activity energy expenditure (PAEE). Also, childhood PAEE is inversely related to adiposity and levels of cardiovascular risk factors. Subjects/Methods: The Vulnerable Windows Cohort Study is a longitudinal observational study of 569 Afro-Jamaican mothers recruited from the first trimester and their offspring. Anthropometry, bioelectrical impedance, PAEE (using the Actical monitor) and cardiovascular risk factors (blood pressure, fasting glucose, insulin and lipids) were measured in 124 boys and 160 girls at a mean age of 13.2 years. Results: Boys had more fat-free mass (FFM) and expended more energy than girls (12.3±3.3 vs 9.6±2.8 kcal/kg/day; Po0.001). Maternal weight was associated with child's PAEE (r ¼ 0.29; Po0.001). PAEE was not significantly associated with birth weight. Maternal weight, after adjusting for child's age and sex, was positively associated with the child's FFM, fat mass and %fat (P-values p0.01). Age-and sex-adjusted PAEE was positively associated with FFM, fat mass and % fat (P-values o0.001), but not after adjusting for current weight. Age-and sex-adjusted PAEE was positively associated with triglycerides, insulin and systolic blood pressure (P-values o0.05), but not after adjusting for weight and height. PAEE was associated with fasting glucose after controlling for age, sex, weight and height (r ¼ À0.12; P ¼ 0.02). Conclusions: Maternal size, but not birth weight, is a determinant of childhood PAEE. PAEE is not strongly associated with childhood body composition, but is inversely related to fasting glucose concentration.
Introduction
Increased weight gain has been observed in developing countries such as Jamaica, which are undergoing nutritional transitions (Jackson et al., 2002; Popkin, 2004) . This has been attributed to both increased energy intake from energydense diets and reduced physical activity energy expenditure (PAEE). PAEE is related to TEE (total energy expenditure), RMR (resting metabolic rate) and TEF (thermic effect of food) as follows: PAEE ¼ TEEÀRMRÀTEF. Reduced PAEE in children could be because of differences in the activities comprising PAEE, differential participation in organized sports or differences in the home environment (Yanovski et al., 1997; Wong et al., 1999; DeLany et al., 2004) .
Cross-sectional studies have often, although not consistently, documented an inverse relation between PAEE and adiposity (Rising et al., 1994; Schulz et al., 1994; DeLany et al., 1995; Westerterp and Goran, 1997; Treuth et al., 1998; Luke et al., 2002) . Few longitudinal studies have shown a significant relationship between TEE or activity energy expenditure and obesity Levine et al., 1999; Ravussin and Danforth, 1999; Luke et al., 2007) . Therefore, energy intake might have a larger role than energy expenditure in the development of a positive energy balance (Luke et al., 2004) . Nevertheless, energy expenditure, a modifiable variable in the energy balance equation, must be quantified in order to determine its role in interventions to reverse weight gain.
Physical activity is a complex multifactorial behaviour, influenced by environmental and biological factors (Thorburn and Proietto, 2000) . Although an extensive literature describes the psychosocial and environmental factors influencing physical activity in children, little is known about the contribution of early life influences (Hallal et al., 2006) . In rats, the offspring of undernourished dams were less active than controls and this sedentarism was exacerbated by postnatal hypercaloric nutrition (Vickers et al., 2003) . Risk factors for sedentarism in children include being female, firstborn, having a high family income and high maternal education at birth and lower maternal physical activity (Hallal et al., 2006) . To our knowledge, only one cohort study has examined early life influences on children's objectively measured physical activity (Mattocks et al., 2008) . Parents' physical activity during pregnancy and early on in the child's life showed a modest association with children's PAEE at the ages of 11 to 12 years.
Defining the size of any developmental contribution to PAEE will clarify the determinants of energy balance. We examined the factors in early life that are associated with objectively measured physical activity in Afro-Jamaican children. We hypothesized that physical activity is positively associated with maternal anthropometry during pregnancy, fetal growth and newborn anthropometry, but inversely related to body fat, taking account of pubertal stage.
Materials and methods

Study design and subjects
The Vulnerable Windows Cohort Study has been described in detail elsewhere (Thame et al., 2000) . Briefly, healthy pregnant women from Kingston, Jamaica, between 15 and 40 years of age, and of gestational age 7-10 weeks (confirmed by ultrasound) were recruited to evaluate the effect of intrauterine growth on risk of the metabolic syndrome in later life. Of the 712 women recruited, 569 were enroled (82 experienced pregnancy losses, 56 voluntarily withdrew and there were 5 sets of twins).
Maternal weight and height were measured using a standardized protocol (Thame et al., 2000) . The children's anthropometry was measured at birth, at 6 weeks, 3-monthly to 2 years and then every 6 months. Blood pressure was measured every 6 months from the age of 1 year using an oscillometric sphygmomanometer. Pubertal stage was assessed by Tanner staging of the pubic hair and breast development Tanner, 1969, 1970) starting at age 8 years. A socioeconomic score was estimated by a questionnaire on the basis of possessions, crowding in the home, parents' educational level and occupation (Thame et al., 2000) . Measurements PAEE, body composition and cardiovascular risk factors (blood pressure, fasting glucose, insulin and lipids) were measured. After a 10-h overnight fast, the participants were brought to the metabolic ward for study at 0800 h. Blood was collected using EMLA cream (APP Pharmaceuticals, Shaumburg, IL, USA) as a local anaesthetic.
Fat-free mass (FFM) and fat mass were measured by bioelectrical impedance analysis using a single frequency analyzer (50 KHz, model 101Q; RJL Systems, Clinton Twp, MI, USA) with the children wearing light clothing and in the supine position. The mean of two measurements was used.
PAEE was assessed by omni-directional accelerometry (Actical monitor; Mini-Mitter Inc., Bend, OR, USA), which captures total body movement better than uniaxial devices. The Actical monitor is more responsive at higher levels of exertion and is sensitive to vertical movements of the torso, is able to detect sedentary status and it also records total activity movement of a given epoch rather than peak (maximum velocity) movements. This activity monitor was validated against doubly labelled water in Afro-Jamaican adults with good correlation (Luke et al., 2007) . The monitor was fitted on the right hip. Data were captured at intervals of 1 min (Riddoch et al., 2007) and collected over seven consecutive days. A subject's activity was assessed if there were at least 5days of recordings with a minimum of 1000 min per day. Children were given a timesheet to record when the monitors were worn, and also to record periods of swimming and cycling, as the monitor does not record cycling well and cannot be worn for swimming. This accounted for o5% of the time, and hence we discounted it. We deleted periods of X120 min of consecutive zeros as these were regarded as periods when the monitor was not worn (Riddoch et al., 2004) . Physical activity was recorded as: (1) counts/min (total counts recorded/1440 min in a day), (2) the proportion of the day spent in levels of activity that produced 4200 counts/min, (3) energy expenditure in units of kcal/kg/min (by incorporating age, sex, height and weight into the manufacturer's algorithm that converts counts into energy) and (4) energy expenditure in kcal/day (multiplying by the child's weight and by 1440).
The protocol was approved by the Ethics Committee of the University of the West Indies. Each mother gave written informed consent and the children gave their assent to be examined.
Assays
Plasma glucose was measured by the glucose oxidase system. Total cholesterol, high-density lipoprotein cholesterol and triglycerides were measured by enzymatic techniques using a VP biochromatic analyser (Abbott, Irving, TX, USA). Plasma insulin was measured with an immunometric assay (Immulite insulin; Diagnostic Products Corporation, Los Angeles, CA, USA). The assay had an analytical sensitivity of 2 mIU/ml and the intra-assay coefficient of variation was o8.0%.
Representativeness of sample
We enroled 284 children around the mean age of 13 years. In comparison to 106 children who were not measured, there were no statistically significant differences between anthropometry at the time of measurement, birth weight, gender and socioeconomic status.
Statistical methods
Insulin concentrations were log-transformed to symmetry. Continuous variables were compared using two-sample t-tests. The association of maternal and newborn variables with measures of physical activity was assessed using partial Pearson correlations adjusted for age and sex. In further multivariate models, we controlled for current weight, height and pubertal stage. We used the same approach to compare physical activity with measures of body composition and metabolic variables. A P-value of o0.05 was considered statistically significant. SPSS 15.0 for Windows (Chicago, IL, USA) was used for the statistical analyses.
Results Table 1 shows mean maternal and newborn measures, as well as anthropometry at the mean age of 13.4 years (range 11.5-14.9 years), and metabolic measures and physical activity scores for 124 boys and 160 girls. As expected, the boys were heavier at birth, whereas girls had greater fat mass and percentage fat as adolescents. Fasting insulin and triglyceride concentrations were higher in girls. The mean number of days of observation of physical activity was 5.8 per child (s.d. 1.4). The mean Actical counts were higher in boys than in girls. The proportion of the day spent in levels of activity that produced 4200 counts/min was also higher in the boys. Energy expenditure expressed in units of kcal/day per kg and kcal/day was higher in boys.
Maternal body weight was positively correlated with all four measures of physical activity (Table 2 and Figure 1 ). These associations were attenuated, although still statistically significant, after adjustment for the height and weight of the offspring (data not shown). There were similar, although weaker, associations with mother's height and body mass index (Table 2 ). There was no association with the subject's birth weight. Thus, bigger mothers had more active children. The associations between mother's weight and physical activity in the offspring were not attenuated by adjustment for measures of pubertal stage or socioeconomic status. Table 3 illustrates the associations with mother's weight by showing mean values of body composition and energy expenditure variables according to fifths of mother's weight. Mother's weight was positively associated with FFM, fat mass and percentage fat in their offspring. The mean Actical count increased by 5.0 (95% CI, 0.6-9.4) for every 10 kg increase in the mother's weight. Corresponding figures for the time spent at activity levels that exceeded 200 counts were 0.37% (95% CI, 0.01-0.73), and for energy expenditure expressed in kcal/day were 48 (95% CI, 29-67).
In general, after controlling for age and sex, physical activity measures based on counts or kcal/kg had no associations with anthropometry (Table 4) . PAEE expressed as kcal/day was strongly associated with all measures of anthropometry. When PAEE is measured as kcal/kg/day, there is no association with anthropometric measurements. When stratified by sex, Figure 2 shows that there was little association between PAEE and percentage body fat in either the boys or the girls. However, the greater energy expenditure of the boys and their lower percentage fat created a negative association (r ¼ À0.19, P ¼ 0.001).
None of the age-and sex-adjusted activity measures based on counts or kcal/kg was associated with lipids, glucose, insulin or systolic blood pressure (Table 5 ). PAEE measured as kcal/day was strongly associated with insulin and systolic blood pressure and weakly with high-density lipoprotein cholesterol concentrations. These associations disappeared after adjustment for the child's weight and height. However, there was a significant negative association of PAEE (kcal/day) with fasting glucose after adjustment for weight and height.
Discussion
The risk of weight gain and development of obesity is not universal in obesogenic environments, signifying that underlying susceptibility to this risk is variable. Early life factors have been hypothesized to significantly influence susceptibility to chronic diseases (Gluckman et al., 2008) , but there are few human data about developmental contributions to energy balance. Our findings support such a developmental contribution to physical activity in Jamaican children. Maternal size was positively associated with PAEE in offspring, which is similar to other investigators' data (Sallis et al., 2000) . The associated increase in PAEE in our children ranged from 547 to 704 kcal. As the net energy surplus associated with population weight gain is approximately 25 kcal/day, this large variation in PAEE is likely to be significant for energy balance.
Physical activity is physiologically regulated in animals, and in rats maternal undernutrition is associated with both increased food intake and decreased activity in the offspring before maturity onset obesity (Vickers et al., 2003) , suggesting that there is potential programming of reduced energy expenditure through reduced physical activity. Hormonal and nutritional status have crucial roles in the developmental determination of neuro-endocrine systems Figure 1 The association between PAEE in 284 Jamaican children and maternal weight.
Predictors of physical activity CP Campbell et al regulating key functions of an organism, including determining the level of spontaneous physical activity and nonexercise activity thermogenesis (Novak et al., 2006b) . Most brain manipulation studies (by lesioning or stimulation) reporting differences in feeding behaviour also show alterations in spontaneous physical activity. Thus, decreases in physical activity in obese rat models may be partially because of a decreased sensitivity of certain brain regions to the regulatory neuropeptides (Kotz, 2006; Kotz et al., 2006; Novak et al., 2006a) . The relationship between maternal size (and/or body composition) and childhood weight and adiposity is not necessarily mediated by physical activity. Maternal size in pregnancy can also affect several other pathways that determine growth and body composition. For example, fat mass at birth is greater if the mothers were themselves fatter during pregnancy (Harvey et al., 2007) . As the growth of infants is canalized, larger infants are likely to grow into larger children. Although there is some controversy, such larger children have greater fat mass. Thus, mothers with a larger mid-upper arm circumference in late pregnancy or a higher pre-pregnant body mass index had children with greater adiposity at age 9 years (Gale et al., 2007) . We also found a positive association between mother's weight and offspring's body composition (fat mass, FFM and percentage fat).
Like others (Mattocks et al., 2008) , we found no association between birth size and PAEE. In contrast, peri-pubertal children of low birth weight (o2500 g) were less active than their peers of higher birth weight (Hallal et al., 2006) , but there was no difference in sedentary lifestyle by birth weight. Additionally, teenagers who were born premature with extremely low birth weights (o800 g) have poorer motor performance, including reduced activity level, aerobic capacity, strength, endurance and flexibility, compared with normal birth weight children (Rogers et al., 2005) . However, physical activity was assessed by self-report questionnaire that tends to overestimate the amount of time spent active rather than by an objective method. In addition, this study demonstrated an effect of low birth weight on later physical activity only at extremes of birth weight. Low levels of physical activity are related to overweight and adiposity in youth (Eck et al., 1992; Obarzanek et al., 1994; Lohman et al., 2006) . A meta-analysis examining the relationship of body fat and various measures of physical activity reported a mean correlation of À0.18 (Rowlands et al., 2000) . Nevertheless, some studies did not report any significant inverse relationships McMurray et al., 2000) . The findings across studies likely differ because of differences in study design, sample characteristics, statistical approaches and measurement technique for body composition.
We found only weak associations with measures of PAEE based on counts or estimated energy per kg with anthropometry. However, the measure based on kcal/day, which required multiplication with current weight, was strongly associated with all measures of anthropometry. Physical activity data in children who differ in body size and age are influenced by whether physical activity is expressed in terms of body movement or energy expenditure. Hence, PAEE should be normalized for current weight or FFM for comparison. This removes the confounding effect of sex as boys are generally more physically active than girls (Riddoch et al., 2007; Purslow et al., 2008) , even as young as at the age of 4 years (Metcalf et al., 2002; Rowlands et al., 2008) . Therefore, the measurement based on kcal/kg is standardized and gives a more accurate reflection of the association. In our data, there were only weak associations with measures of PAEE based on energy expenditure per kg with adiposity. The greater energy expenditure of the boys and their lower percentage fat than girls creates a negative association (r ¼ À0.19, P ¼ 0.001; Figure 2 ), which was not found in boys and girls separately.
In adults, behavioural changes, such as increased sedentarism, persistent low levels of physical activity and poor cardiorespiratory fitness, contribute to cardiometabolic risk. Interventions that increase physical activity and cardiorespiratory fitness without changing adiposity slow the progression towards the metabolic syndrome (Knowler et al., 2002) . Similar intervention studies in children and adolescents are limited.
A few studies have examined the association between physical activity and metabolic risk factors utilizing an objective measure of physical activity. In Europeans, there was a graded, inverse association between clustering of risk factors and physical activity quintiles measured by hip accelerometry (Andersen et al., 2006) . The highest risk was observed in the lowest three quintiles of activity. In another study, PAEE measured by hip accelerometry was independently and inversely associated with blood pressure, fasting glucose, insulin and triglycerides even after adjusting for obesity . In our study, there were no associations between fasting insulin and systolic blood pressure with PAEE, but there was a negative association between PAEE and fasting blood glucose. This suggests that increased physical activity and fitness are associated with hepatic insulin sensitivity. Other investigators have shown that children who participate in regular physical activity have greater insulin sensitivity compared with sedentary children (Carrel et al., 2005; Froberg and Andersen, 2005) .
The strengths of our study include using a well-characterized cohort with detailed measurements during pregnancy and at birth and follow-up. We also used an objective measure of physical activity (accelerometry) rather than self-reports. Accelerometer validation studies in children have highlighted the precision of the Actical activity monitor in estimating AEE and to discriminate sedentary, light, moderate and vigorous levels of physical activity (Puyau et al., 2004) . Bioelectric impedance analysis is a widely used technique for estimating body composition and it is particularly useful as it is quick, inexpensive and noninvasive. Although we did not validate the use of bioelectric impedance analysis in our sample with deuterium dilution, numerous crosssectional studies have shown that algorithms with bioelectric impedance analysis predicts body composition well among healthy children of various ages (Leman et al., 2003) , with an r 2 value of approximately 0.98. Our study is also limited by the absence of assessments of dietary energy intake. However, absence of energy intake data should only affect the computation of energy balance but not an evaluation of the contribution of PAEE to percentage fat.
In conclusion, we found that maternal size, but not birth weight, is a determinant of childhood PAEE. PAEE is not strongly associated with childhood body composition, but is inversely related to fasting glucose levels.
